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Gerard A. Rohlich*

Surface Water Quality in the
Border Area Between El Paso and
the Gulf of Mexico

INTRODUCTION

The Rio Grande was established as part of the United States-Mexican
Boundary in 1848. Since that time a number of commissions and agencies
at local, state, national, and international levels in both countries have
conducted surveys and research programs, undertaken large scale projects, and created agreements and compacts dealing with water resource
management in the Rio Grande basin. Most of the effort in the management programs has been directed at water quantity allocation-a need
arising from the numerous conflicts between the U.S. and Mexico regarding allocation of water for irrigation.
An extensive data base on water quality is available in numerous publications dating back to as early as 1924 when dissolved solids determinations and sediment concentrations were made on the Rio Grande at
El Paso, Texas by the U.S. Bureau of Reclamation. Most of the water
quality data obtained in the United States since 1928 has been collected
and compiled by the International Boundary and Water Commission (IBWC)
and the U.S. Geological Survey (USGS) in cooperative programs with
the Texas Department of Water Resources and its predecessors.
A reconnaissance of the chemical quality of surface waters of the Rio
Grande Basin in Texas, published in 1974, provides an excellent summary
of data for the years 1924 through 1968, and includes selected water
quality data for the Rio Grande Basin in Mexico and New Mexico in
order to give consideration to the influence of inflow from these two areas
on quality characteristics of water available for use in Texas. ' The annual
reports of the IBWC 2 and of the USGS3 prepared in cooperation with the
*Professor of Environmental Engineering, The University of Texas at Austin.
I. H. MENDIETA, RECONNAISSANCE OF THE CHEMICAL QUALITY OF SURFACE
WATERS OF THE RIO GRANDE BASIN, TEXAS, Texas Water Development Board Rep. 180
(March 1974).
2. International Boundary & Water Commission United States and Mexico Water Bulletin No.
48 (1978). See also IBWC annual reports dating from 1931.
3. U.S. Geological Survey Water-Data Report TX 79-3-Water Year 1979. (See also USGS
Water Data Reports for 1975-1978, and USGS Water Supply Papers, 1941-1974).
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State of Texas provide a substantial data base for water quality and water
quantity management of this vital resource of the region.
This paper addresses the present and future water quality problems in
that portion of the Rio Grande between El Paso and the Gulf of Mexico.
THE RIO GRANDE DRAINAGE BASIN-PRESENT WATER
QUALITY
The Rio Grande originates on the east slopes of the Rocky Mountains
in Colorado and for about 2700 miles in the United States and Mexico
the western edge of the basin forms the Continental Divide. The river
flows south the full length of New Mexico and enters Texas at El Paso.
At El Paso the general direction of the flow is southeasterly and the river
forms the international boundary between the United States and Mexico
for a distance of about 1244 miles and discharges into the Gulf of Mexico
at Brownsville, Texas. 4 The principal tributaries to the Rio Grande downstream of El Paso are the Pecos and Devil Rivers in Texas and the Rio
Conchos, Rio Salada, and the Rio San Juan in Mexico.
Although the total area within the boundaries of the basin is 335,500
square miles, only about half, 176,333 square miles, yields runoff to the
river.5 The remainder of the area is in closed sub-basins of interior drainage
and yields no runoff to the river. The contributing area is equally divided
between Mexico (87,365 square miles), and the United States (88,968
square miles). A detailed discussion of runoff, river flows, and water
quantity demands in the basin has been presented by Armstrong. 6
Water quality cannot be considered separately from the environmental
factors which influence the availability of water quantity to meet competing demands. Climate, geology, streamflow characteristics, diversions,
impoundments, land use, irrigation practices, discharge of municipal and
industrial effluents, and inflow from non-point sources have major impacts
on water quality.
Historically the predominant use of water in the basin has been for
irrigation. For centuries the Indians, and later the Spaniards at the end
of the 16th century, irrigated small plots to sustain the settlements that
were being established. The major demand continues to be for irrigation
that this demand from both
and projected requirements for water indicate
7
ground and surface waters will persist.
Surface water requirements for irrigation in 1974 amounted to 1633
4. Day, Managing the Lower Rio Grande, University of Chicago Research Paper No. 125 (1970).
5. IBWC, supra note 2.
6. Armstrong, Anticipating Transboundary Water Needs and Issues in the United States-Mexico
Border Region, supra.
7. U.S. WATER RESOURCES COUNCIL, THE NATION'S WATER RESOURCES 19752000, Vol. 4: Rio Grande Region (1978).
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TABLE 1
SURFACE WATER REQUIREMENTS, RIO GRANDE BASIN
(THOUSANDS OF ACRE-FEET)
Demand
Category

1974

2000

Municipal
Manufacturing
Steam-Electric
Irrigation
Mining
Livestock

124.5
7.1
8.2
1633.0
0.7
1.4

256.1
17.9
22.4
1717.5
1.1
1.7

1774.9

2016.7

Total
Data include Lower Rio Grande Valley

Source: Texas Water Development Board, Continuing Water Resources Planning and Development
for Texas, vol. 2 (1977).

thousand acre-feet of the 1775 thousand acre-feet required for all purposes. The second largest demand was for municipal use and amounted
to 124 thousand acre-feet. For the year 2000 the projected water requirement for irrigation is 1717 thousand acre-feet, an increase of less than
ten percent, while the municipal requirement will more than double to a
value of 256 thousand acre-feet. Manufacturing demands for surface water
are projected to increase from 7. 1 thousand acre-feet in 1974 to 17.9
thousand acre-feet in the year 2000.8
A summary of requirements for surface water for various uses in Texas
is given in Table 1.
In addition to the water quality requirements to meet the withdrawal
demand categories noted in Table 1, quality for instream uses for fish
and wildlife habitat, recreation, and aesthetics must also be considered.
In the latest revision of the Texas Surface Water Quality Standards
criteria are specified for the twelve segments into which the river basin
has been divided for water quality assessment. Four water uses deemed
desirable are established: contact recreation, non-contact recreation, propagation of fish and wildlife, and domestic raw water supply. All segments
are deemed desirable for propagation of fish and wildlife and the water
quality standards reflect this objective of the Texas Department of Water
Resources to attain and maintain water quality appropriate to the specific
use.
8. TEXAS WATER DEVELOPMENT BOARD, CONTINUING WATER RESOURCES PLANNING AND DEVELOPMENT FOR TEXAS, Vol. 2 (1977).
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Criteria for all segments are given in Table 2. 9
The standards also indicate the salinity problem on the upper reaches
of the Pecos River. The high values encountered in the Pecos do not
permit classification of the water as one deemed desirable for use as a
raw water supply.
The quality characteristics of surface water are markedly influenced
by the quantity of streamflow particularly where the flow is unregulated.
The concentration of chemical constituents may vary seasonally, daily,
and even hourly. Concentrations are usually at maximum levels during
periods of low streamflow when most of the inflow to the stream is from
ground water. During periods of high flow following rainstorms dilution
occurs and chemical concentrations are usually at minimum levels.
At El Paso total dissolved solids concentrations vary from about 500
mg/I to more than 3000 mg/l and have been as high as 3830 mg/l. The
discharge-weighted average for the period 1930-68 was about 800 mg/
1. Low concentrations occur in the spring and summer when water is
released from upstream reservoirs. In the fall and winter, during periods
when no flow is released from the reservoirs, the flow at El Paso is from
seepage and delayed irrigation return flows and dissolved solids concentrations are in the range of 1000-2000 mg/l. Chloride concentrations
range from less than 50 mg/l to more than 1000 mg/l; the discharge
weighted average is about 130 mg/l. The discharge weighted average for
sulfates is about 260 mg/l with a range of values over the long term
period of 38 years of from 150 mg/l to more than 1250 mg/l.
Most of the flow which reaches Texas is diverted for irrigation and
municipal use through the American Canal in Texas and the AcequiaMadre in Mexico. Immediately below El Paso the water quality is affected
by return flows and drainage from irrigated areas and by discharge of
municipal sewage treatment plant effluents. An improvement in quality
takes place below El Paso as inflows of good quality water enter downstream with the result that in the waters from Presidio to the headwaters
of Lake Amistad the water quality meets the standards for temperature,
pH, and concentrations of dissolved oxygen, total dissolved solids, chlorides and sulfates. 10
An intensive surface water monitoring survey of the International Amistad Reservoir was made in 1974. The results indicate that, at that time,
9. TEXAS DEPARTMENT OF WATER RESOURCES, TEXAS WATER QUALITY STANDARDS, LP-71 (APRIL 1981).
10. TEXAS WATER DEVELOPMENT BOARD, supra note 8; D. Ottmers, Intensive Surface
Water Monitoring Survey Segment 2308, Rio Grande (Riverside Diversion Dam to New Mexico
State Line), TDWR-IMS-82 (1979); and S. Warshaw, Water Quality Segment Report-Segment
2306 Rio Grande-Rio Conchos to Amistad International Reservoir. Texas Water Quality Board Report
No. WQS-9 (1975).
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water quality throughout the reservoir was excellent. Analyses of the
tributaries also indicated good water quality. The Pecos River discharged
the highest mineral load, the Rio Grande contributed the highest organic
load as measured by biochemical oxygen demand and also the highest
phosphorus and suspended solids, and the Devils River flow contained
the most nitrogen. None of the analyses in the tributaries indicated that
water quality problems were present. Analyses of the sediments for pesticides revealed small concentrations of DDT, DDE, DDD, and Dieldrin.
Heavy metals were found in the sediments, but the report states, "since
no areas of gross accumulations were found, and the concentrations indicate no geographical trends, the heavy metals concentrations in Amistad
Reservoir are considered natural and not indicative of water quality problems. "'I
Downstream from the Amistad to the Falcon Reservoir water quality
improves. The major tributaries in this reach are Chacon Creek, Los
Olmos Creek, Eight Mile Creek, and La Joba Creek on the United States
side, and the Rio San Diego, Rio San Rodrigro, and Rio Escondido on
the Mexican side.
The Rio Grande flow is impounded in the International Falcon Reservoir which also receives flow from the Rio Salado. The stretch of the
river between the outlet of Falcon Dam and the International Bridge at
Brownsville is approximately 200 miles. The principal flow in this segment is water released from the Falcon Reservoir which was built under
a treaty between the United States and Mexico in 1945. The dam was
completed in 1954 and the water released from the reservoir provides
water of good quality for the municipalities, irrigators, and industries in
the Lower Rio Grande Valley. Below the Falcon Reservoir the Rio Alamo
and Rio San Juan join the Rio Grande on the Mexican side. Substantial
diversions from the Rio Grande occur below Rio Grande City. Much of
the decline in flow occurs because of the Anzalduas Canal diversion which
provides water for irrigation and domestic use in Mexico, and from several
diversions on the U.S. side downstream from the dam. The intensive and
repetitive use of the available water for irrigation results in some degradation of water quality because of the build-up of the concentration of
solids in the irrigation return flows. In a comparison of stream quality
data for the years 1957-63 with data from 1969-74 it was noted that a
significant decrease in the chloride concentration occurred after the construction of a 75 mile long concrete channel which diverted highly saline
water from the Morillo Drain to the Gulf of Mexico. Prior to 1969 the
11. J. KIRKPATRICK, INTENSIVE SURFACE WATER MONITORING SURVEY SEGMENT
2305-AMISTAD RESERVOIR, TEXAS. WATER QUALITY BOARD REPORT NO. IMS-21,
1974.
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return flow which contains, on the average, about 10,000 mg/i of dissolved solids was discharged to the Rio Grande. The data show that the
chloride content at Brownsville for the years 1957-63 averaged 283 mg/
1, and after diversion for the years 1969-74 averaged 198 mg/l, a decline
of 30 percent.
THE FUTURE
The increase in population and urbanization in the Rio Grande Basin
will result in increasing demands on the surface water supply and also
has the potential to cause serious adverse effects on water quality. Projections indicate that in Texas the population in the basin will be about
1,500,000 by the year 2000 and that surface water, as it has in the past,
will be the major source of supply. More than 70 percent of the total
demand in the year 2000 will be met from surface water. Although surface
water of a quality suitable for irrigation will be required in an amount
much larger than for other uses, high quality water to meet increasing
municipal and industrial demands will impose a severe burden on the
surface water resources in the region.
Significant progress has been made in quantifying quality through the
application of knowledge from scientific observations, in understanding
the effects of the characteristics of water, in the use of sophisticated
techniques for the detection and measurement of substances present in
the water resource, and in the evaluation and interpretation of such data
to determine the extent of degradation or improvement in the water quality.
A fundamental point is that the assignment of a level of quality is relative
depending on the use for which the water is assigned.
To control more effectively the quality and quantity of the surface water
resource in the basin it becomes increasingly important to take a comprehensive view of the environment rather than approach problems on an
individual basis.
Each water use requires certain well established quality criteria and
the designation of one water use as more important than another is not
possible where multiple uses are in demand.
In the semi-arid to arid Rio Grande Basin, water is the unifying factor
around which it will be necessary to develop a comprehensive basin
planning and management program to accomplish optimum use of the
resource, if the economic and social development in the region is to
improve.
In the past, it was virtually impossible to consider large multi-use
systems because of the lack of adequate accounting systems to evaluate
complex projects. The development of computers and computer-use technology for information storage and retrieval, simulation modelling, and
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optimization techniques have extended our capabilities to study vast and
complicated systems.
Development of conceptual models for systematic programs that identify units and factors that influence a system can include alternative methods and levels of control including budget constraints, management-control
measures, and enforcement schemes that may be employed to control the
level of water quality within the desired goals. Such investigations will
make it possible to evaluate not only the direct costs and benefits which
are normally identified but also to consider the social values which usually
escape quantification.
With the full development of factual information, and the economic
and social costs and analyses, the protection of the water resource will
have benefited from professional advice, agency control, and political
and judicial decisions made in the light of the comprehensive approach.
In attaining the water quality desired we are seeking and applying
solutions to problems that many professionals view as yet neither fully
understood nor defined. We must continue to do this, but with the need
to recognize that we must be able to retrace our steps and have the
flexibility to adjust standards to particular locations and to establish policies that are clearly understood and in which all interested parties participate with an understanding of the economic and social factors as well
as the environmental aspects.

CALIDAD DEL AGUA SUPERFICIAL EN LA ZONA FRONTERIZA ENTRE EL PASO Y EL
GOLFO DE MEXICO
La calidad del agua en la Cuenca del Rio Grande estd en funci6n del uso para que
se la asigna. La calidad es afectada por las descargas de las presas, la precipitaci6n
pluvial, y los desvfos para irrigaci6n. En Tejas, el uso intensivo y repetido del agua
para irrigaci6n ha degradado la calidad del agua abajo del Valle del Rio Grande. Para
controlar mejor la calidad del agua, debemos crear programas intensivos en la cuenca,
los cuales consideren al medio ambiente tan importante como los costos y beneficios.
La cuenca del Rio Grande-La calidad actual del agua.
Aproximadamente la mitad del Area de la Cuenca del Rio Grande proporciona agua para Mdxico
y Estados Unidos. Los dos parses han celebrado convenios para tratar la distribuci6n de agua, pero
poco se ha hecho para estimar la administraci6n del recurso.
Para considerar la calidad del agua de la cuenca, hay que estimar la cantidad de agua disponible
para el futuro. Durante siglos, el uso predominante de agua en la cuenca ha sido el riego, y las
necesidades proyectadas para el agua indican que persistird esta exigencia de agua subterrinea y
superficial. Se duplicarin las necesidades de agua para los municipios y las industrias. Adems de
la calidad exigida para estos usos, hay que considerar tambi(n la calidad para peces de agua dulce,
los animales salvajes, el recreo y ]a est6tica.
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La calidad 6ptima del agua varia segiin su uso especifico. Las 6ltimas Normas de Calidad del
agua Superficial de Tejas explican cuatro usos del agua, los cuales se consideran deseables: el recreo
de contacto, el recreo de no-contacto, la propagaci6n de peces y especies salvajes, y la provisi6n
de agua para usos domdsticos.
La corriente fluvial influye en las caracteristicas de la calidad del agua. Las concentraciones altas
de quimicos se presentan cuando la corriente procede del agua subterr~nea, en tanto que los perodos
de flujo elvado despu6s de las tormentas de Iluvia conducen a mds diluci6n. En El Paso, por ejemplo,
las concentraciones bajas se presentan en el verano y en la primavera, cuando el agua es descargada
de las presas rio arriba; las altas concentraciones se presentan en el otofio y en el inviemo, cuando
el agua procede de la filtraci6n y de los reflujos del riego.
La mayor pane de la corriente que llega a Tejas se desvfa para los usos municipales y de irigaci6n.
Rio abajo de El Paso, la calidad del agua se afecta por los reflujos y el drenaje de las zonas de
riego, y por los efluentes de las instalaciones municipales para el tratamiento de las aguas negras.
Rio mis abajo de El Paso, se mejora la calidad de la entrada de aguas buenas, de modo que se
satisface la mayoria de las normas de calidad del agua.
Se observ6 excelente calidad de agua en la Presca de la Amistad en 1974, con los arroyos tributarios
cercanos, buena calidad. La Presa Falc6n, rio mds abajo, suministra agua de buena calidad para los
municipios, el riego y las industrias en el Valle Bajo del Rio Grande. Rio abajo de la Presa Falc6n,
grandes desviaciones para el riego y el uso domdstico han disminuido la corriente y aparece un buen
contenido de cloro en el agua. Esta degradaci6n de la calidad del agua se debe principalmente al
uso intensivo y repetido del agua para el riego, el cual produce concentraciones de s6lidos en los
reflujos del riego.
El futuro.
El aumento de poblaci6n y la urbanizaci6n en la Cuenca del Rio Grande aumentan las exigencias
para la cantidad de agua superficial, y podrfn afectar desfavorablemente la calidad del agua. Se han
hecho progresos significativos en el entendimiento de las caracteristicas del agua, las t~cnicas para
medirla, y las evaluaciones de los mejoramientos de la calidad del agua.
Debemos tomar un punto de vista comprensivo del medio ambiente, en lugar de enfrentarnos con
los problemas sobre una base individual. Un programa comprensivo de planificaci6n y administraci6n
de la cuenca para lograr el uso 6ptimo de los recursos podria tambi6n favorecer el desarrollo
econ6mico de la regi6n del Rio Grande. Los computadores y programas sistemdticos de concepto
pueden ayudar en las consideraciones de restricciones de presupuesto, de los medios de control de
administraci6n y de esquemas de ejecuci6n.
Debemos volver sobre nuestros pasos y ajustar las normas a localidades especificas. Nuestras
politicas deben tam bidn considerar no solamente los costos y beneficios directos, sino los valores
del ambiente ecol6gico.

